A day-1 EIC detector should be prepared to carry out inclusive DIS measurements from electron collisions with nucleon and nuclear beams. Here I consider the scientific motivation for spin-dependent DIS measurements from a polarized 3 He beam. Longitudinally polarized 3 He ions can be used to measure g n 1 (x, Q 2 ) in purely inclusive scattering. I also consider spin-dependent DIS from polarized 3 He by tagging the spectator proton or deuteron in coincidence with the scattered electron. A calculation of high energy scattering from the polarized 3 He nucleus in the EIC frame is motivated. Further, this type of measurement can be extended to other polarized few-body nuclei. High energy spin-dependent scattering from polarized 3 He with tagged proton and deuteron could be studied experimentally ahead of EIC using spin-dependent proton-3 He scattering in RHIC, when polarized 3 He ions become available. 
I. INTRODUCTION
Following [1] , the leading order Feynman diagram for electron−nucleon (mass M ) scattering is shown in Fig. 1 with the electron (positron) and nucleon in the initial state denoted by the four-vectors k = (E e ; k e ) and p = (E P ; P), respectively. The final state consists of the scattered lepton k = (E l ; k l ) and the hadronic final state system p = (E X ; p X ).
Lepton-nucleon scattering is characterized in terms of a relativistic-invariant formulation summarized in the following variables:
The ≈ sign refers to those cases where the electron and nucleon masses have been neglected. Note that the center-of-mass energy for laboratory energies of E e (electron) and E N (nucleon) is √ s = 2 √ E e E N . Q 2 is the negative square of the 4-momentum transfer q and denotes the virtuality of the exchanged gauge boson. The momentum transfer q determines the size of the wavelength of the virtual boson and therefore the object size which can be resolved in the scattering process. To resolve objects of size ∆ requires the wavelength of the virtual boson λ to be smaller than ∆. W 2
FIG. 1. Feynman diagram describing unpolarized DIS to lowest order perturbation theory.
is the square of the invariant mass of the hadronic final state system X. W can also be interpreted as the center-of-mass energy of the gauge boson-nucleon system.
Small values of x correspond to large values of the invariant mass W . Recall, x is the Bjorken scaling variable and is interpreted in the quark-parton model as the fraction of the nucleon momentum carried by the struck parton. The limits on x follow from the fact that the square of the invariant mass W 2 has to be larger or equal to the square of the mass of the nucleon M 2 i.e.,
x = 1 corresponds to the elastic case for which W = M .
In the proton rest frame, ν is the energy of the exchanged photon. The maximum energy transfer ν max is given by ν max = s/2M . The quantity y is the fraction of the incoming electron energy carried by the exchanged photon, also known as the inelasticity in the rest frame of the nucleon. y can also be written as y = ν/ν max .
The relativistic invariant variables x, y, Q 2 and s (the center-of-mass energy squared) are connected via
where the electron and nucleon masses have been ignored. For fixed x and y, an eN collider allows one to reach much larger values of Q 2 as well as much lower values of x, keeping y and Q 2 fixed, due to the larger center-of-mass energy √ s compared with fixed-target experiments. The minimum value of x attainable for Q 2 ≥ 1 GeV 2 is given by
Deep inelastic lepton-nucleon scattering is defined to occur, i.e. Bjorken scaling is observed experimentally, when Q 2 ≥ 1 GeV 2 and W > 2 GeV, to avoid the resonance region.
When carried out with longitudinally polarized nucleons, DIS probes the helicity parton distribution functions of the nucleon. For each flavor f = u, d, s,ū,d,s, g these are defined by
with f + (f − ) denoting the number density of partons with the same (opposite) helicity as the nucleons, as a function of the momentum fraction x and the resolution scale Q. Similar to the unpolarized quark and gluon densities, the Q 2 -dependences of ∆q(x, Q 2 ), ∆q(x, Q 2 ) and the gluon helicity distribution ∆g(x, Q 2 ) are related by QCD radiative processes that are calculable. When integrated over all momentum fractions and appropriately summed over flavors, the ∆f distributions give the quark and gluon spin contributions to the proton spin which appear in the fundamental proton helicity sum rule. Experimental access to the ∆f in lepton-scattering is obtained through the spin-dependent structure function g 1 (x, Q 2 ), which appears in the polarization difference of cross-sections when the lepton and the nucleon collide with their spins anti-aligned or aligned:
, world data on xg 1 as a function of x for the proton (top), the deuteron (middle), and the neutron, i.e. polarized 3 He, (bottom) at the Q 2 of the measurement.
Only data points for Q 2 > 1 GeV 2 and W > 2.5 GeV are shown. Error bars are statistical errors only.
The expression above assumes photon exchange between the lepton and the nucleon.
In leading order in the strong coupling constant, the structure function g 1 (x, Q 2 ) of the proton can be written as
where e q denotes a quark's electric charge. Higher order expansions contain calculable QCD coefficient functions. The structure function g 1 (x, Q 2 ) is thus directly sensitive to the nucleon spin structure in terms of the combined quark and anti-quark spin degrees of freedom. We define the scattering asymmetry
Fig. 2 from [2]
shows the world data on xg 1 for the proton, deuteron and neutron ( 3 He). The gluon distribution ∆g enters the expression for g 1 only at higher order in perturbation theory; however, it drives the scaling violations (i.e. the Q 2 -dependence) of g 1 (x, Q 2 ). Deep inelastic measurements hence can also give insight into gluon polarization, provided a large lever arm in Q 2 is available at fixed x. value of x ≈ 0.03, the g 1 (x, Q 2 ) data are in the range 1 < Q 2 < 10 GeV 2 . This is to be compared to 1 < Q 2 < 2000 GeV 2 for the unpolarized data on F 2 (x, Q 2 ) at the same x. The figure also shows the vast expansion in x, Q 2 reach that an EIC would provide.
To illustrate the power of EIC measurements of inclusive and semi-inclusive polarized deep inelastic scattering on our knowledge of helicity parton distributions, a series of perturbative QCD analyses was performed [4] with realistic pseudo-data for various center-of-mass energies. The data simulations were based on the PEPSI Monte Carlo generator [5] . The precision of the data sets corresponds to an accumulated integrated luminosity of 10 fb −1 (or one to two months of running for most energies at the anticipated luminosities) and an assumed operations efficiency of 50%.
A minimum Q 2 of 1 GeV 2 was imposed, as well as W 2 > 10 GeV 2 , a depolarization factor of the virtual photon of D(y) > 0.1, and 0.01 ≤ y ≤ 0.95. Fig. 4 shows the pseudo-data for the inclusive structure function g 
II. POLARIZED 3 HE IONS IN RHIC
A polarized 3 He ion source, shown schematically in Fig. 5 , is under development by a BNL-MIT collaboration [6] motivated by the science of EIC with the goal of having polarized 3 He beams with 70% polarization circulating in RHIC in the early 2020s. Following [7] , to store both protons and 3 He ions in RHIC, the γ-factors must be matched. The highest γ attainable in RHIC is 177. The maximum energy for the 3 He ion is then 166 GeV/nucleon. The proton− 3 He collision luminosity L is given by [7] 
Assuming a proton bunch intensity of 2 × 10 11 , a 3 He bunch intensity of 1 × 10 11 , N c =110, both round beams with a normalized emittance of 15 π mm−mrad and β = 0.7 m at the IP, the peak luminosity is 1.3 × 10 32 cm −2 s −1 . This is about a factor of two lower than the luminosity for proton-proton collisions.
For eRHIC, the maximum energy of the 3 He is again 166 GeV/nucleon (γ =177).
Again, the expectation is that the eRHIC electron− 3 He luminosity is about a factor of two lower than the eRHIC electron−proton luminosity.
Given the maximum energy for 3 He in RHIC is 166 GeV/nucleon, the maximum center-of-mass energy and minimum x attainable is less extensive than with the proton beam. For 20 GeV electrons on 166 GeV/nucleon 3 He in eRHIC, we have √ s max = 115 GeV and, x min = 7.6 × 10 −5 at Q 2 = 1 GeV 2 . To understand corrections to this simplistic picture, we consider how the spin of the polarized 3 He nucleus arises when it is in the simplest S−state (P = 88.6%):
For the np system, we have J = 1, 0 with We can then write
which allows us to express the 3 He ↑ spin-state as
When normalized, this becomes
Similarly, it follows that 
and so 3 He contains two np pairs (1.5 T = 0 and 0.5 T = 1) as well as one pp pair (T = 1). It appears that about 92% of the T = 0 pairs in 3 He are in the deuteron state. These calculations also imply that the d + p components account for ∼ 70% of the proton momentum distribution in 3 He. At small k the N dp (k) is ∼80% of the
Recall that in terms of the states 2S+1 L J of the N N system, the ST states can be written as
ST = 00 is 1 P 1 .
Referring to Fig. 8 , we have for np pairs in terms of the ρ ST ρ n,p
Spin-dependent DIS from polarized 3 He is an incoherent sum of contributions from the four np states. Consider now spin-dependent DIS where the spectator proton or deuteron is tagged in the final state.
• Tagged deuteron: Scattering from the |0, 0 > state cannot contribute. Thus, measurement of − − → 3 He( − → e , e d spectator ) in DIS kinematics is equivalent to scattering from a negatively polarized proton 66% of the time and 33% of the time from a positively polarized proton. This is equivalent to scattering from the polarized proton in 3 He with −33% polarization. This makes polarized 3 He an effective polarized proton target.
• Tagged proton: 50% of the time, the scattering arises from the |1, 1 > state, 25% from the |1, 0 > state and 25% from the |0, 0 > state. In forming the spin-asymmetry A in the DIS process − − → 3 He( − → e , e p spectator ) there will be a contribution from scattering from the deuteron A ed , the contribution arising from the |1, 0 > state will cancel and there will a correction arising from a contribution A corr from scattering from the np pair in the |0, 0 > state, i.e.
How large is A corr ?
Measurements have been carried out at the STAR detector at RHIC where the forward protons have been tagged [11] . Spectator protons follow the magnet lattice and the minimum angle is determined by the beam width. Roman Pot detectors consisting of 200 × 100 mm 2 sensitive silicon detector area located 15 mm from the beam have been considered. Simulations have been carried out for eRHIC of 5 GeV electrons incident on 100 GeV/nucleon 3 He ions [12] . Fig. 9 shows the momentum distribution of spectator protons from 3 He measured in a Roman Pot setup at 20 m from the interaction pint. The acceptance for spectator protons is determined to be about 90%.
III. PATH FORWARD
Clearly, inclusive spin-dependent DIS from polarized 3 He will give a precision determination of g n 1 (x, Q 2 ) over a large kinematic region that can be used with the measurements on the proton to test the Bjorken Sum Rule. Precision high-energy 3 He polarimetry will be essential for this as well as installation of the equipment necessary to manipulate and maintain the spin at high energies..
In considering the tagged measurements, it has struck the author that spindependent electron-3 He (or 2 H) DIS has not been studied theoretically in the laboratory frame of EIC. Certainly, all experiments to date have taken place in the frame for eRHIC using DPMJET III by J.H. Lee (BNL) as reported in [12] .
where the polarized 3 He (or 2 H) nucleus is at rest. The calculations to date of the spin structure of few-body nuclei are all done in the rest frame of the nucleus. Before one can form any conclusions about the usefulness of tagging deuterons and protons, it will be necessary to carry out a calculation in the EIC laboratory frame. This will involve boosting from the nuclear rest frame to the collider frame. It should aim to answer some basic questions:
• What is the probability of detecting a spectator deuteron or proton when the partner proton or deuteron, respectively, suffers a DIS scattering from a polarized high-energy electron?
• How large are the corrections in extracting A • In spin-dependent scattering from the polarized few body nuclei, e.g. 6 Li, can one extract A d 1 (x, Q 2 ) by tagging on the spectator alpha particle?
FIG. 10. Momentum distribution of spectator protons in 5 GeV electrons incident on 100
GeV/nucleon 3 He as determined in a simulation for eRHIC using DPMJET III by J.H. Lee (BNL) as reported in [12] .
The one calculation to date on spin-dependent electron scattering in the EIC laboratory frame has been of elastic electron-proton scattering by Sofiatti and Donnelly [13] .
They find substantial spin effects when boosting from the rest frame of the proton to the collider frame.
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